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COMPLETE SPECmOATION. 

Improvements in or relating to the Manufaeture of Moulds and 

Moulded Articles. 



We, Thomas William Penbicb and 
Beginald Frederick Knowlsok, both 
British Subjects, and both of Hariington 
Works, Hariington Bead, Sharpenhoe, 
5 Bedfoitlshire, do bereb}- declare the inven- 
tion for which we praj that a patent may 
be greuited to us, and the method by which 
it is to be performed, to be particularly 
described in and by the following state- 

10 meut: — 

This invention relates to a process for 
the manufacture of moulds and moulded 
articles from powdered materials. 

lii the processes usually employed 

15 hitheito lor manufacturing moulded articles 
by hot pressing of powders and sinteiing, 
the life of the moulds has been very short. 

It is on object of the present invention 
to produce moulded articles having the 

20 ^ame shape as a master shape and moulds 
m which these moulded articles can be 
made. Preferably the master shape is 
made of compressed carbon or graphite 
which can easily be machined to the desired 

26 i^hape and which can be used for the manu- 
facture of a .large number of moulded 
articles. 

According to the process of the present 
iuvention for the manufacture of moulds a 

30 muster shape, preferably made of com- 
pressed carbon or graphite, is impressed in 
a powder of a refractory metal, carbide, 
nitride or boride, or other powder capable 
of being sintered, the powder is partially 

35 sintered by heat and pressure and the 
master shape removed. 

The invention also includes a process for 
the manufacture of moulded articles in 
winch a powder capable of being sintered 

40 \mder pi-essure is introduced into the moul'i 
prepared as described above and the 
powder sintered by heat and pressure with- 
out further compacting of the mould to 
f)roduce the moulded article. 

45 Accordinp to a preferred embodiment of 
t))e invention r umster shape of compressed 
carbon or graphite is impressed into 
[Price 28. M.] 



titanium cai-bide powder held in a suitably 
shaped carbon container by the application 
of pressm-e at a temperatiu^ of between 60 
1600** C. and 2000° C. The grahx size, 
purity' and surface condition of the titanium 
carbide used is such that a partially 
sintered product is obtained. The tem- 
perature employed will depend mainly upon 55 
the grain size, the higher temperatures 
being used for the coai-ser powders, other 
things being equal. The master shape is 
then withdrawn leaving a corresponding 
mould of titaniima carbide. 00 

This mould may now be filled with hard 
metal powder, e.g. a mixture of timgsten 
carbide powder with a minor proportion, 
e.g. 6%, of cobalt powder, and pressure ic 
again apx>lied at high temperature to sinter 65 
the liard metal. This sintered hard metal 
is the same shape as the original master 
component. 

The temperatm*e and pressure chosen to 
sinter the hard metal must be such that 70 
no further compacting of the titanium 
carbide takes place. Using the same pres- 
sm'e that was used to form the mould at 
a lower temperature of 1350'' C. to 1450*^ 
C. will produce the desired result. 75 

The titanium carbide of the mould may 
adhere to the required hard metal com- 
ponent. Tlie partially sintered titanium 
carbide can easily be removed by mech- 
anical abrasion, e.g. by shot-blasting. The 80 
hai*d metal component will remain un- 
damaged. 

The original mastei* shape can then b^ 
ii:>ed to repeat the process as reqviired. 

It should be understood that a com- 85 
ponent of the same material as the mould 
can be produced, e.g. coarse grain titaniimi 
carbide can be sintered at a temperatiu*e 
of 2000'' C. using three tons per square 
inch pressure to produce a suitable mould. 90 

A component in pure fine grtiin titanium 
carbide can then be made in this mould by 
sintering at the same pressm'e, but using 
a tempei^ture of between 1450** C. and 
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1600*" C. Tlie component produced will 
be considerably bardfir than the ^^ao^d. 
The component can again be cleaned by 

shot-blasting. ^ j * v • 

The inast<?r component insteaa- oi Deing 
of carbon or graphite can be a sintered 
product made from a reEractpry matenal 
provided that it remains undamaged under 
the conditions used .when sintermg the 

mould. . 1. * +1,^ 

An improved, surface fimsh _ 
moulded article may be obtamed. by. filhjg 
anv slight pores in the mould surfaces with 
fine graphite powder or other r^frj^etor^? . 

'*'^\ ^difficult 5diape can thus be reproduced 
bv this, process of double moulding without 
-t*.<ort to machining each individual- mould. 

\n exfimple illustrating how the inven- 
t ' .n may be carried: into effect will now be 
.^uH u in relatira to- the miamfaature of 
turbire blades. . 

Turbine blades have, been previously 
li.aJe by sintering under pressure, but they 
V :unllv'h:\ve a complex shape and m <>wl^ 
•h it tii'^v mav be removed from the mould 
in'which thev are- made the mould is made 
in a number of pieces. The mould or 
components of the mould are generally 



:3od bv rnaciining Ind can'-only be J.-. A. process as 
pjcpaicrt maoa wherein the powd( 



used for a limited. number of pressmgs. 

A.ecov'linfv to the present invention the 
mould for the production of the turbme 
blade was made by using a master shape of 
raphite which was impressed mto titamum 
ravbide powder disposed in a eaxbon con- 
tainer using a pressure of 3 tons per sqi^ire 
inch and a temperature of 2000" G. The 
master shape was tlien withdrawn and used 
rigain. 

Into the mould of partially sintered 
titanium carbide thus prepared there was 
intioduced a powder consisting of titamum 
oarbide containing 20% by weight of cobalt 
nciwder: The material in the mould wa^ 
then sintered at three tons per square meh 
at 1450** C. to produce a densely smtered 
turbine blade without, any further com- 
nacting of the mould. The mould was re- 
r^ioved by mechanical abrasion but it will 
be imderstood that a composite mould, i.e. 
a mould consisting of a plurality of parts, 
may be used, in which case the mould may 
be removed by dismantling. 

Similar results may be obtained by re- 
placing the titanium carbide both m the 
preparation of the moulds and the moulded 
ai-tieles wlially or in. part by the metal 



itself, or its nitrides, boride or oxide or 
mixtures of these substances. 

What we claim is: — 

1. A process for the manufacture ot 
moulds wherein a master shape is to- 
pressed in a powder of a refractory metal, 
carbide, nitride or boride or other powder 
capable of being smtered. the powder is 
pai-tially smtered by heat and pressure and 
the master shape removed. , 

.2. .A process as claimed, m Claim J 
v?herein. the master shape is made of com- 
pressed carbon or graphite. 

3, A, process as claimed in Claim 1 or 
2 wherein the' refractory carbide is titanium 

carbide, , . m • i 

4. A process as danned m Claim J 
wherein the sintering is effected at a tem- 
perature of between 1600* C. and 2000** C. 

6. Mptdds when manufactured by the 
process.dfttoed.in any one of the preceding 

claims. ^ J. t 

6. A- process for the manufacture of 
moulded airticles wherein a powder capable 
of being sintered under pressure is intrc^ 
d\iced into a mould claimed in Clato 5 and 
the pQwder is smtered by heat and.pressure 
without further ccanpacting of the mould to 
prodiice the moulded articles. 

claimed in Claim 6 
b^g 
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wherein the powder cc^able of 
sintered is. a tungsten carbide powder. 

8, A process, as cJaimei in Claim 7 
wherein the sintering is effected at a tem- 
X>erature of between 3350^ C. and 1460* G. 

9. A process as claimed m Claim^ 6 
wherein the powder capable of being 
sintered is a titanium carbide powder. 

IQ. A pjcpcess as claimed in Claim 9 
wberein the sintering is effected at a tem- 
perature of between 1450' C. and leOO'* C. 

11. A process as clatoed in any one of 
thie preceding Claims 7 to 10 wherein the 
powder contains minor propoHion by 
weight of cobalt powder, 

12. A process for tlie manufacture of 
turbine blades by moulding substantially as 105 
described witli reference to the Example 
given. 

IB, Moulded articles when manufac- 
tiu-ed by the process claimed in any one of 
the preceding Claims 6 to 12, 

ELKINGTON & FIFE. 
Consulting Chemists 
and 

Chartered Patent Agents, 
B.ank Chambers, 
.S29> High Holbora, London, W.C.I. 
Agents for the Applicants. 
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PBOVISIONAL SPECIFICATION. 

Improvements in or relating to the Manufacture of Moulds and 

Moulded Articles 



We, Thomas Wili-tam Pbnricb and 
Pi,ErriNAi.D . Predbrick Knowlson, both 
British Subiects, aiid both of Harlington 



Works, Harlington Boad, Sharpenhoe. 
Bedfordshii-e^ do hereby declare the nature 115 
of this inTCntion- to be as follows: — 
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This invention relates to a process for 
the manufacture of moulds and moulded 
articles from powdered matenals. 

In the processes usually employed 
5 hitherto for manufacturing moulded articles 
by hot pressing of powders and sintering, 
the life of the moulds has been very short. 

It is an object of the present invention 
to. pioduce moulded articles having the 
10 same shape as a master shape and moulds 
in which these moulded articles can be 
made. Preferably the master shape is 
made of compressed carbon or graphite 
which can easily be machined to the desired 
15 shape and which can be used for the manu- 
facture of a large number of moulded 
articles. 

According to the process of the present 
invention for the manufacture of moulds 

•0 a master shape, preferably made of coin- 
pressed carbon or graphite, is impressed in 
u powder of a refractory metal, carbide, 
nitride or boride, or other powder capable 
of being sintered, the powder is partially 
wintered by heat and pressure and the 
muster shape i*emoved- 

The invention also includes a process for 
till" man\ifactiirc of moulded articles in 
which a powder capable of being sintered 

30 under pressure is introduced into the mould 
propiired as described above and the powder 
^mtered by heat and pressure without 
further compacting uf the mould to produce 
ti c moulded article. 

35 According to a preferred embodiment of 
till* invention i\ master shape of compressed 
i.-Hrbou or gi*aphite is impressed into 
titanium carbide powder held in a suitably 
^hapr<l C4U*bon container by the application 

40 of pressure at a temperature of between 
I60l)^ C. aud C. The grain size, 

purity and surface condition of the titanium 
. carbide used is such that a partially 
siuttrred protluct is obtained. The tem- 

45 perature employed will depend mainly upon 
the grain size, the higher temperatures 
bein;: used for the coarser powders, other 
tilings being equal. The master shape is 
then withdrawn leaving a corresponding 

50 mould of titanium carbide. 

Tliis mould may now he filled with hard 
metal powder, e.g. a mixture of tungsten 



carbide powder with a minor proportion, 
e g- 6%* of cobalt powder, and pressure is 
again applied at high temperature to sinter 65 
the hara metal. ^Diis sintered hard metal 
is the same shape as the original master 
component. 

The temperature and pressure chosen to 
sinter the hard metal must be such that 60 
no further compacting of the titaniimi 
carbide takes place. Using the same pres- 
sure that was used to form the mould at a 
lower temperature of 1350** C. to 1450" G 
will produce the desired result. 66 

The titanium carbide of the mould may 
adhere to the required hard metal com- 
ponent. The partially sintered titanium 
caii)ide can easily be removed by mechan- 
ical abrasion, e.g. by shot-blasting. The 70 
liard metal component will remain un- 
dtimaged. 

The original master shape can then be 
used to repeat the process as required. 

It should be understood that a cbm- 75 
ponent of the same material as the mould 
can be produced, e.g. coarse grain titanium 
carbide can be sintered at a temperattnre 
of 2000" C. using three tons per square 
inch pressure to produce a suitable mould. 80 

A component in pure £ne grain titanium 
carbide can then be made in this mould 
by sintering at the same pressure, but 
using a temperature of only 1600**C. The 
component produced will be considerably 86 
haiYler than the mould. The component 
can again be cleaned by shot-blasting. 

The master component instead of being 
of carbon or graphite can be a sintered 
product made from a refractory material 90 
pl*o^ided that it remains undamaged under 
the conditions used when sintering the 
mould. 

Dated the 12th day of September, 1949. 
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BLKINGTON & HFE. 
Consulting Chemists 
and 

Chai-tered Patent Agents, 

Bank Chambers, 
High Holbom, London, W.C.I. 

Agents for the Apphcants. 
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